Abstract. White-winged Fairy-wrens have a clan mating system wherein up to three cooperative breeding groups (breeding pair plus any helpers) are contained within the larger territory of a nuptial-plumaged male who also has a mate (likely with helpers). Nuptial-plumaged males of island and mainland subspecies have different plumage phenotypes: in the mainland Australian suspecies (Malurus leucopterus leuconotus) nuptial males are blue with white wings, whereas in the subspecies on Dirk Hartog (M. l. leucopterus) and Barrow (M. l. edouardi) Islands males are black with white wings. Here, we compare island and mainland populations of White-winged Fairy-wrens in morphology, breeding biology and social behaviour based on data collected over two breeding seasons on Dirk Hartog Island and near Lancelin, Western Australia, on the mainland. In addition to the colour differences of the nuptial males, mainland males and females were significantly larger than their counterparts on the island and mainland birds had significantly higher realised reproductive success. Pairs on Dirk Hartog Island had significantly smaller clutches, longer incubation periods, decreased hatching success, and fledged fewer offspring. Moreover, most mainland pairs had 1-4 helpers at their nests, whereas island pairs had few, if any, helpers at their nest. Thus island birds could be characterised as largely socially monogamous, whereas mainland birds were mainly cooperative breeders. We discuss morphological differences in relation to general island-mainland patterns of avian body size and relate island-mainland differences in reproductive success and social behaviour to research on parental care and sexual selection in other fairy-wren species.
Introduction
White-winged Fairy-wrens are the most widely distributed of all fairy-wrens but one of the least studied. They inhabit most of mainland Australia (Malurus leucopterus leuconotus) as well as Dirk Hartog (M. l. leucopterus) and Barrow (M. l. edouardi) Islands off the west coast. Many studies include White-winged Fairy-wrens in cross-species comparisons (Tuttle et al. 1996; Swaddle et al. 2000) , but most accounts of this species are descriptive, focusing mainly on plumage variation in relation to age (Tidemann 1989; Rowley and Russell 1995) and the basic breeding biology (Tidemann 1980; Rowley and Russell 1995) of mainland subspecies. Relatively little is known about island subspecies, with the only detailed study of Barrow Island birds contrasting male and female morphological traits and describing group dynamics (Pruett-Jones and Tarvin 2001) . The only study of Dirk Hartog Island birds included them in an analysis of the evolutionary relationships among subspecies of White-winged Fairy-wrens (Driskell et al. 2002) .
In White-winged Fairy-wrens, plumage variation among sexes and ages is particularly striking. Females moult once a year (February-April) after breeding, and maintain a brown plumage year-round, while males moult their plumage twice a year; once into nuptial plumage (June-August) just before the breeding season and then back into brown plumage after the breeding season (February-April: Rowley and Russell 1997) . Males also exhibit delayed plumage maturation, not obtaining full nuptial plumage until their fourth year. In their third year, some males undergo a partial nuptial moult whereby some of their body feathers moult into nuptial coloration while the remaining feathers continue to moult into brown plumage. These 3-year-old males have a mottled appearance and we refer to them as mottled males. Young males that have no nuptial feathers resemble the female's brown plumage, even though they are sexually mature in the first breeding season after they fledge (i.e. less than 1 year old).
White-winged Fairy-wrens are cooperative breeders but have a clan mating system that differs from the mating system typical of most other malurids in which socially monogamous breeding pairs are assisted in parental care duties by other birds (helpers) that are usually young from the previous year Russell 1995, 1997) . In White-winged Fairy-wrens, such cooperative breeding groups usually consist of a brown-plumaged male 'paired' to a female plus 1-4 helpers, with up to 3 of these groups contained within a larger territory defended by a nuptialplumaged male who also has a mate and may have helpers. Although they visit multiple nests, nuptial-plumaged males contribute parental care only at the nest of their female partner (Rowley and Russell 1995) . Brown-plumaged males are behaviourally subordinate to nuptial-plumaged males and it is believed that females preferentially copulate with nuptial-plumaged males Russell 1995, 1997) .
The most obvious difference among the subspecies of White-winged Fairy wrens is their plumage phenotype; in nuptial plumage, males of the mainland subspecies (leuconotus) are bright blue with white wings while in both island subspecies (leucopterus and edouardi), males have black plumage in place of blue. Island subspecies are geographically isolated from each other and from the mainland subspecies with no reported migration between populations (Rowley and Russell 1997) . In fact, DNA evidence shows that both island subspecies are more closely related to birds from mainland Western Australia than to each other, indicating that island populations evolved independently from an ancestral blue plumage form or that black plumage was ancestral followed by a secondary evolution of blue plumage coloration on the mainland (Driskell et al. 2002) .
In this paper, we compare the social organisation and breeding biology of White-winged Fairy-wrens on the mainland of western Australia with the population on Dirk Hartog Island. We assessed morphology, habitat use, reproductive success, mating system and social organisation between and within populations. We also use published data from the Barrow Island subspecies to compare morphological traits across all three subspecies.
Methods

Study area
We studied White-winged Fairy-wrens at field sites on Dirk Hartog Island ~29.5 km north-north-west from the southern tip of the island (25°53′52″S, 113°06′45″E), and ~21 km south-south-east of Lancelin (31°09′41″S, 115°26′04″E), Western Australia. Both study sites werẽ 1 km 2 and had similar habitat of spinifex, heath, mallee and acacia scrub on sand dunes subject to similar levels of sheep grazing. Both sites were subject to occasional sheep grazing but vegetation size and structure appeared representative of this area of Western Australia.
White-winged Fairy-wrens are opportunistic breeders, initiating reproduction in response to rain (Tidemann and Marples 1987) . In the months preceding our field seasons, Dirk Hartog Island and Lancelin were subject to relatively high rainfall in July and September. In both years of our study, precipitation was average to above average, with September 2001 having the highest precipitation recorded during this month since 1996 (Bureau of Meteorology 2002). In general, rainfall at Lancelin during the main breeding seasons tends to be much higher than that on the island (Bureau of Meteorology 2002).
General field methods
Field work was conducted daily during the main part of the breeding seasons in 2000 and 2001 both on Dirk Hartog Island (August and September) and at Lancelin (October and November). We monitored 104 and 59 nests on the island and mainland, respectively. Nests were checked daily during nest building and egg laying, and then at least every three days thereafter until failure or nestling departure. All nestlings were banded at 6 days of age (n = 137 on the island, 170 on the mainland) and a small blood sample was taken from the brachial vein for DNA analysis. We determined clutch-initiation dates either directly, by monitoring nests during egg laying, or indirectly, by back calculation for nests found at later stages in the nesting cycle. During the final stages of the incubation and nestling phases, we monitored nests daily to ensure accurate estimates of hatching and fledging dates. For back calculation we assumed that one egg was laid per day, the incubation period was 13 days, and that nestlings left the nest when they were 10 days old (calculated from mean incubation and fledgling periods in the present study).
Birds were trapped on their territories using mist nets and were provided with an Australian Bird and Bat Banding Scheme alloy identification band in addition to a unique combination of colour bands. We took small blood samples from the brachial vein of each individual in addition to standard morphological measurements (Lowe 1989 ). An individual's sex was determined by the presence of a cloacal protuberance (males) or brood patch (females). In the absence of sexdistinguishing traits, blood samples were analysed in the laboratory for sex-specific CHD genes (Griffiths et al. 1998) . We also measured the length, width and depth of each male's cloacal protuberance to calculate its volume (V = π × D/2 × W/2 × L: Mulder and Cockburn 1993; Tuttle et al. 1996) . In total, we banded and collected morphological traits from 268 breeding adults: 60 females and 70 males on the island, 41 females and 97 males from the mainland. All of these adults were in reproductive condition as evident from their brood patch or cloacal protuberance.
Territories were monitored daily to record social interactions among individuals. We identified group members (both parents and helpers) at each nest by repeated observations of non-aggressive social interactions, including allopreening, parental care at the nest, contact calls, following flights, and moving in close proximity to one another. The primary male and female at each nest were determined by observations of social encounters where birds exhibited pair-bonded behaviour, including begging, nuptial feeding, copulation solicitation, and mate guarding. We assumed that males were mate guarding when they maintained close proximity to, followed, and frequently approached females. When monitoring territories, we recorded the location and behaviour of all individuals observed.
Age-class determination
For males captured in 2000 and recaptured in 2001, we used changes in plumage and bill coloration (Tidemann 1989; Rowley and Russell 1995) to categorise males into different age classes in 2001 (Table 1) . Age Class I contains birds of known ages since these birds were originally banded as nestlings or fledglings whereas ages in all other classes are estimates based on phenotypic characteristics. Males captured only in a single year were excluded from age analyses because it was impossible to accurately determine their age class.
Sperm morphology
We collected ejaculate samples by cloacal manipulation (see Tuttle et al. 1996) of some males in each population (n = 16 on the island, 31 on the mainland). Semen was spread thinly on a microscope slide and later viewed under 600× magnification. On digitised images, we measured total sperm length of 10 haphazardly selected sperm from each male, using ImageJ software (ver. 1.28) (Rasband 2002) .
Data analysis
To avoid psuedoreplication in morphological analyses, we used data only from the first capture of each bird. Subspecies comparisons were conducted using an analysis of variance for summary data (see Zar 1996, p. 186) . Non-parametric analyses were used when data did not meet the assumptions of normality. We tested all analyses of covariance for interaction effects and removed any interaction terms that were not significant. Data in the text are presented as mean ± s.e.
Results
Morphology
Subspecies comparison
To assess morphological differences among subspecies, we compared birds from Dirk Hartog Island (M. l. leucopterus), Lancelin (M. l. leuconotus) and Barrow Island (M. l. edouardi; data from Pruett-Jones and Tarvin 2001). Pruett-Jones and Tarvin (2001) stated that they used 'standard morphological measurements' in their study so we assume that they used the same techniques as we did. Males from Barrow Island were similar to males from Dirk Hartog Island in wing length and body mass, but both were significantly smaller than mainland males (Table 2 ). Barrow Island males had significantly longer tarsi and shorter tails than both other subspecies.
There was also significant variation among subspecies in all female morphological traits, except tarsus length ( Table 2 ). The wing length of Barrow Island females was similar to that of mainland females but significantly longer than that of Dirk Hartog Island females. Barrow Island females also weighed significantly less than, and had significantly shorter tails than, both Dirk Hartog Island and Lancelin females.
Although Lancelin and Dirk Hartog Island males were similar in skeletal size, as measured by tarsus length, Lancelin males were significantly heavier and had significantly longer wings than Dirk Hartog Island males (Table 2) . Among females, Lancelin birds were significantly larger than those on Dirk Hartog Island in all aspects of morphology, weighing more and having longer wings, tarsi and tails. All of the island-mainland comparisons that follow refer only to our own work at the Dirk Hartog Island and Lancelin study sites.
Sex differences
White-winged Fairy-wrens exhibited clear sexual size dimorphism, with males being larger than females at both island (Dirk Hartog) and mainland (Lancelin) study sites (Table 2) . Males were significantly larger than females in wing (island: t = 7.8, P < 0.0001, n = 60, 69; mainland: t = 12.9, P < 0.0001, n = 41, 96) and tarsus length (island: t = 6.2, P < 0.0001, n = 60, 70; mainland: t = 4.4, P < 0.0001, n = 40, 96). Mainland males also had significantly longer tails than females (t = 4.3, P < 0.0001, n = 40, 95) while island males had similar tail lengths to females (t = 1.3, P = 0.20, n = 60, 69). There were no significant sex differences in body mass at either study site (island: t = 0.8, P = 0.40, n = 60, 68; mainland: t = 1.2, P = 0.23, n = 42, 98), though males averaged slightly heavier than females at both sites.
Plumage characteristics
We observed no difference between populations in male tail coloration: brown and nuptial-plumaged birds both had blue tails. In addition, there were no morphological differences among male plumage phenotypes, within sites, with the exception of tail length (Table 3) . For this analysis, we included data only on nuptial and brown-plumaged males because we captured only 10 males in mottled plumage (1 on the island, 9 on the mainland). In both populations, nuptialplumaged males had significantly shorter tails than did brown males (Fig. 1a) . The tail length of nuptial-plumaged males was similar to that of females (island: t = 1.1, P = 0.27, n = 60, 18; mainland: t = 0.4, P = 0.71, n = 41, 23) while the tails of brown-plumaged males were significantly longer than those of females (island: t = 2.2, P = 0.03, n = 60, 50; mainland: t = 5.8, P < 0.0001, n = 41, 66).
Tail length of males varied significantly with age class of recaptured birds at both sites, declining as males got older (ANCOVA, interaction term removed: location, F = 3.2, d.f. = 4,29, P = 0.08; age class, F = 6.6, d.f. = 4,29, P = 0.002) (Fig. 1b) . We also compared tail lengths of birds caught in both years at either site so that we could assess tail length changes from one year to the next. Within these individuals, there was a significant decline in tail length with age (mean decline = 1.28 ± 0.50 mm, n = 25; paired t = 2.6, P = 0.02, n = 25 males) that was similar among age classes (F = 0.3, Box plots show the 10th, 25th, 50th, 75th, and 90th percentiles and all data outside this range; sample sizes are shown at the top of each box. Different letters above boxes represent significant differences between age classes (Tukey-Kramer post hoc tests, P < 0.05). P = 0.77), with tail length decreasing between years in all age classes (mean declines: Class II, 1.6 ± 1.15, n = 5; Class III, 0.9 ± 0.71, n = 14; Class IV, 1.7 ± 0.97, n = 8).
Sperm storage and morphology
Male cloacal protuberance volume did not differ between sampling years (island: t = 0.1, P = 0.92, n = 41, 22; mainland: t = 1.4, P = 0.16, n = 73, 21) so we pooled data across years, within study sites, for further analysis. In fairy-wrens, cloacal protuberance size is known to vary within the breeding season (Peters et al. 2001) ; however, within our sampling periods, we found no effects of date (island: r = 0.2, P = 0.11, n = 62; mainland: r = 0.1, P = 0.51, n = 94). There was also no difference in cloacal protuberance volume (t = 0.9, P = 0.34, n = 63, 94) between island (174.2 ± 4.2 mm 3 ) and mainland males (169.0 ± 3.4 mm 3 ). Nor was cloacal protuberance volume related to plumage phenotype (island: t = 1.4, P = 0.17; mainland: t = 0.4, P = 0.38) within island (brown: 170.0 ± 4.74, n = 46; black: 183.4 ± 7.76, n = 17) or mainland (brown: 165.7 ± 4.29, n = 62; blue: 172.8 ± 6.90, n = 24) populations. At both sites, however, nuptial-plumaged males had cloacal protuberances that were 4-8% larger than those of brown-plumaged males and our sample sizes may have been too small to detect differences of this magnitude, due to low statistical power (power = 0.27 and 0.13, respectively).
We also compared the cloacal protuberance volumes of males with different social mating status, characterised as socially paired, in either nuptial or brown plumage, or as non-paired helpers. With study site (island v. mainland) as a covariate (F = 0.1, d.f. = 3,148, P = 0.79, interaction term removed), there was significant variation among males with respect to cloacal protuberance volume (status, F = 5.2, d.f. = 3,148, P = 0.007). Post hoc analyses showed that pair males of different plumage phenotypes (nuptial v. brown) had similar-sized cloacal protuberances (P > 0.05, Tukey-Kramer test) that were significantly larger (P < 0.05) than those of helper males (Fig. 2) .
There was no relationship between sperm length and volume of cloacal protuberance for either population (island: r = 0.22, P = 0.43, n = 16; mainland: r = 0.02, P = 0.93, n = 31). There were also no differences in sperm length between island (82.5 ± 0.64 µm) and mainland (81.9 ± 0.50 µm) study sites (t = 0.8, P = 0.43, n = 16, 31) nor were there differences between nuptial (81.5 ± 0.77 µm) and brown (82.4 ± 0.46 µm) plumage phenotypes, pooled across study sites (t = 1.0, P = 0.34, n = 11, 31).
Breeding biology
Females were responsible for all nest building that we observed. Nests were built in low shrubs, most commonly in Acacia tetraconophylla, Scaevola spinescens and Dryandra spp. Nest placement differed between populations such that island females built nests significantly higher off the ground (58.3 ± 1.90 cm, n = 85) than mainland females (46.6 ± 2.46 cm, n = 51) (Mann-Whitney U = 1323.0, P = 0.0002). Island nests were also located significantly farther from the outside of the shrub (38.7 ± 2.55 cm, n = 85) than mainland nests (35.5 ± 3.29 cm, n = 51) (U = 1519.0, P = 0.009).
Both within and between years, females built nests in close proximity (≤5 m) to their previous nests. On numerous occasions we observed both island and mainland females reusing nesting material from their previous nest during a subsequent nesting attempt. In cases where nests were placed >10 m away from the previous nest, usually after a case of nest predation, females did not reuse nesting material. On four occasions, we observed females reusing their previous nest; each of these had successfully fledged the previous brood that season.
There were no differences between study sites in rates of nest predation (Fishers Exact Test, P = 0.70) with 25 of 61 nests preyed upon on the island and 19 of 51 on the mainland. Common nest predators observed at both sites included snakes, lizards, Pied Butcherbirds (Cracticus nigrogularis), Australian Kestrels (Falco cenchroides) and feral cats. Foxes were present on the mainland study site in 2001 but we observed no nest predation that could be attributed to foxes.
In addition to reduced nesting success due to predation pressure, White-winged Fairy-wrens are common hosts to Horsfield's Bronze-Cuckoos (Chalcites basalis). There was significantly more brood parasitism in island (11 of 61) than mainland (1 of 51) nests (Fisher's Exact Test, P = 0.006). On the mainland, we found only one nest containing a cuckoo egg and the parents at this nest abandoned the clutch.
Although cuckoo parasitism appears to be infrequent on the mainland, we did observe an adult male fairy-wren feeding a juvenile cuckoo just outside our Lancelin study area, indicating that brood parasitism is occasionally successful there. Of the 11 cases of brood parasitism on the island, only one pair abandoned its nest; females continued to incubate at the remaining 10 nests. In addition to abandonment resulting from cuckoo parasitism, we observed 6 other cases of nest desertion on the island. In two instances, there was a loss of a mate (likely through predation and subsequent mate switching) and in three cases the nest was destroyed by rain and strong winds. The remaining instance of desertion was due to intraspecific egg dumping, as described below. Since cuckoo parasitism may bias other measures of breeding success, we excluded cases of brood parasitism from some of the following analyses, as noted.
Females laid one egg per day, generally at sunrise. There was no difference between sites in the number of days between nest completion and clutch initiation, but this period was significantly influenced by seasonality: as the breeding season progressed, females decreased the period before they laid their first egg (ANCOVA, interaction term removed: location, F = 3.1, d.f. = 2,37, P = 0.09; date, F = 14.1, d.f. = 2,37, P = 0.0006).
During our sampling period, a female usually laid one or two clutches, but we did observe instances of three (n = 4) and four (n = 1) nesting attempts by a single female (Fig. 3) . One island female was involved in three nesting attempts. Her first attempt fledged nestlings, and then she nested again and raised a second brood, then initiated a third clutch (fate unknown) while we were present at this study site. Other females that initiated three nesting attempts (1 island, 2 mainland) over the season had eggs depredated from at least one or more of their nests. One island female made a total of four nesting attempts during one season; her first three clutches were preyed upon while her final clutch was parasitised by a cuckoo. This female laid a total of 10 eggs over the sampling period that season. Our data likely underestimate productivity because cases of nest predation in the early nesting stages may have been missed.
The distribution of clutch-initiation dates for island and mainland sites during our sampling period in each location are shown in Fig. 4 Breeding biology of White-winged Fairy-wrens
Clutch-initiation date by island females did not differ significantly (t = 0.6, P = 0.55) between 2000 (Day 241.4 ± 2.66, n = 34) and 2001 (Day 239.1 ± 2.62, n = 35), but mainland females initiated clutches significantly earlier (t = 3.1, P = 0.003) in 2001 (Day 283.4 ± 3.24, n = 14) than in 2000 (Day 295.5 ± 2.11, n = 33). This difference in mainland clutch-initiation dates appears to be real as no clutchinitiations were recorded after 24 October 2001, even though we conducted field work at the mainland site for a further 4 weeks.
For all nesting attempts where females laid complete clutches, there was a significant effect of study site on clutch size (ANCOVA, interaction term removed: study site, F = 87.2, P < 0.0001; year, F = 0.1, P = 0.75) with island birds (2.9 ± 0.05 eggs, n = 81) having a significantly smaller clutch than mainland birds (3.8 ± 0.06 eggs, n = 48). Modal clutch size on the mainland was four, one egg more than the modal clutch size on the island. We excluded from these analyses two probable cases of intraspecific egg dumping in the island population: in one nest two new eggs appeared on the same day, and in the other a new egg appeared between the seventh and tenth day of incubation. Neither case of dumping was successful since the former nest was abandoned and the latter clutch hatched before complete incubation of the (presumed) parasitic egg.
The following analyses exclude nests that suffered brood parasitism. Island females' incubation periods (median = 13 days, n = 36) were significantly longer (U = 163.0, P = 0.01) than those of mainland females (median = 12 days, n = 16) but nestlings stayed in the nest for the same periods at both sites (island: median = 12 days, n = 15; mainland: median = 12 days, n = 15) (U = 99.0, P = 0.57). There were no differences between populations in proportion of eggs that hatched (island: 69.3 ± 5%, n = 70; mainland: 78.7 ± 6%, n = 47) (t = 1.3, P = 0.19). Excluding nests that suffered egg predation, the proportion of eggs that hatched was significantly lower (t = 2.5, P = 0.01) for island (0.74 ± 0.04, n = 50) compared to mainland pairs (0.91 ± 0.05, n = 36). We use the number of offspring that reach 8 days of age as an indicator of fledgling success since birds disturbed after 8 days of age were likely to prematurely leave the nest. Of eggs that did hatch, island pairs had significantly fewer offspring reach 8 days of age (island: 2.16 ± 0.14 n = 55; mainland: 3.32 ± 0.17, n = 38) (t = 5.2, P < 0.0001). Thus, the realised reproductive success of island females was ~60% that of mainland females.
Social structure
Both island and mainland populations exhibited a clan mating system with nuptial-plumaged males maintaining large territories comprising breeding groups each with a brown-plumaged male and his female partner (for graphical depiction see Rowley and Russell 1995) . Nuptial-plumaged males were frequent visitors to all nests on their territories, but they were observed contributing parental care only at the nest where they were socially paired with the female. Within a nuptial-plumaged male's territory, very few aggressive interactions were observed between groups and we observed birds from different groups engaging in nest defence and allopreening. Although birds were occasionally observed ranging over the entire territory, females and brownplumaged individuals spent most of their time in the area around their nest site.
Mate association and retention
For cooperative breeders, extra-pair copulations are usually regarded as those copulations that occur outside the social group (Griffith 2000) . We observed no extra-pair copulations on either study site, but we did observe 10 copulations between the pair male and female. Of these 10 copulations, two were preceded by female solicitation. Typical female solicitation behaviour involved females lowering their bodies, raising their tails and wing quivering, and was accompanied by a begging call. After one of these solicited copulations, the female inverted her cloaca and appeared to expel the transferred sperm.
We occasionally observed nuptial-plumaged males intruding onto the territory of a neighbouring nuptialplumaged male. In most cases, territorial males rapidly chased intruders around the territory until they departed. At territory borders, males from both territories engaged in song contests that involved males singing loudly from perches. Occasionally, these interactions were accompanied by rapid chases and displacements of males from their perch. During these territorial interactions, females were usually present in neighbouring bushes but did not participate in these exchanges. Mate switching was rare and was observed only when a social mate disappeared from the study site, likely due to predation. On the island, we observed one case of divorce where a female paired to a brown-plumaged male switched mates and socially paired with a black-plumaged male and his associated helper. This black-plumaged male and the female had likely interacted on previous occasions since the female's original breeding site was within the nuptialplumaged male's territory. Her original brown-plumaged mate re-mated with an unbanded female from a neighbouring territory outside our study site.
Since White-winged Fairy-wrens are territorial yearround, we estimated survival rates based on the proportion of adult individuals that were originally banded in 2000 and recaptured in 2001. The proportion of males recaptured was significantly higher (Fisher's Exact Test, P < 0.0001) on the island (23 of 47 males) than on the mainland (12 of 72 males). There was no significant difference in the proportion of females that were recaptured (Fishers Exact Test, P = 0.72): both island (5 of 37) and mainland females (3 of 31) had poor survival or a high rate of adult dispersal. 
Petal-carrying behaviour
Island and mainland males had different strategies when conducting extra-territorial forays; island males frequently used petal carrying while this behaviour was rare among mainland males. Over two breeding seasons, we observed 36 instances of petal carrying on the island and only four instances on the mainland, with nuptial-plumaged males performing most cases on the island (94%) and all cases on the mainland (Table 4) . One island nuptial-plumaged male was observed carrying blue petals on three separate occasions. A second nuptial-plumaged male carried blue petals twice, while other marked individuals were observed carrying petals only once. In the two instances where brown-plumaged males carried petals, one male was observed with a green leaf in his mouth, and the other male presented the petal to his social mate. Within-pair petal carrying was observed on one other occasion when a mainland nuptial-plumage male presented his mate with a purple petal. Assuming that males have equal access to all flower types, island males showed a preference for blue flowers while mainland males seemed to prefer purple or pink flowers (Table 4) .
Helpers
All 23 island and 31 mainland helpers that we identified were males. We were unable to determine the sex of one helper by means of reproductive characteristics, but this bird was later determined to be male by means of molecular techniques. Helpers remained at nests throughout our entire sampling period, with the exception of one island nest where a helper joined a nearby breeding pair during their second nest attempt. This helper had attempted to breed but joined the other pair after predation at his own nest; the female originally paired to this male disappeared from the study site. Island and mainland populations exhibited distinctly different social structure. (To avoid pseudoreplication resulting from analysis of multiple nesting attempts by the same female, we included only first broods in the following analyses; second and subsequent broods showed the same patterns.) With year as a covariate (F = 1.2, d.f. = 2,91, P = 0.27, interaction term removed), island pairs had significantly fewer helpers (F = 8.7, d.f. = 2,91, P = 0.004) compared with the mainland pairs (Fig. 5a ). In the island population, 9 of the 14 females paired to males in black nuptial plumage had helpers whereas only 5 of 20 females mated to brownplumaged males had a helper (Fisher Exact Test, P = 0.04). A similar pattern occurred for mainland birds: helpers were present at 3 of the 12 females paired with brown-plumaged males but 8 of the 9 females paired to nuptial-plumaged males (Fisher Exact Test, P = 0.008). This suggests that the presence of helpers at a nest may be associated with male plumage coloration. Females paired to nuptial-plumaged males had significantly more helpers than females of brownplumaged males in both island (t = 2.4, P = 0.02, n = 14, 20) and mainland (t = 3.3, P = 0.004, n = 9, 12) populations (Fig. 5b) .
Dispersal and recruitment
In 2000, we banded 178 nestlings, 66 on the island and 112 on the mainland. Only 7 of these were recaptured in 2001. All were on the island (Fisher Exact Test, P = 0.0007) and only one was a female. Except for one male, all of these yearlings fledged from nests where females were paired to nuptialplumaged birds. All yearling birds were found to be associating with social groups in close proximity to their natal site. In four cases on the island, yearling males became helpers at the nest of their social father, a black-plumaged male. Another island yearling male (60145) remained on his natal territory but instead of becoming a helper at a nest this male socially paired and bred with a yearling female (60082) that had moved from her natal site, two territories away. The remaining male (60047) moved onto the territory of a neighbouring black-plumaged male and became a helper at his nest. There was no opportunity for this male (60047) to stay on his natal territory and help his social father as he had disappeared from the study site and his territory was incorporated into that of the neighbouring black-plumaged male.
Discussion
Our findings indicate that island and mainland subspecies of the White-winged Fairy-wren are distinctly different in morphology, reproductive strategy and behaviour. Though all three subspecies are sexually dimorphic, with males larger than females, morphological differences also occur among subspecies, with island birds generally smaller than their mainland counterparts. The realised reproductive success of island (Dirk Hartog) females was much lower than that of mainland (Lancelin) females during our study and island birds had higher rates of nest predation and parasitism, laid significantly smaller clutches, had lower egg fertility, and had significantly reduced hatching success compared with mainland birds. There were also striking differences between populations in social organisation, with island birds having few helpers, while mainland birds often had 1-4 helpers at the nest.
Although this study is relatively short term, only two years, we have several reasons to believe that our findings represent real differences between island and mainland populations of White-winged Fairy-wrens and are not simply an artefact of the years that we conducted this study. First, differences between island and mainland populations were consistent in both years of this study. Second, there were no obvious differences between study sites: island and mainland sites were selected for their similarity in habitat, vegetation structure and grazing pressure. Third, though Lancelin and Dirk Hartog Island do have different climates (more rain at Lancelin) during the years that we conducted our study both sites had relatively high rainfall. Thus, our results are not due to unusual conditions at one site and not the other.
Our data on White-winged Fairy-Wrens reflect the typical observation of body-size differences between island and mainland populations of the same species (Lack 1971) . Island male and female White-winged Fairy wrens are both significantly smaller than their mainland counterparts in most morphological measures (Table 2 ; see also Tidemann and Schodde 1989) . Differences in social organisation that we observed between island and mainland subspecies suggest that these body-size differences may be related to decreased levels of intraspecific competition on the island. Island birds with few, if any, helpers have reduced competition for food resources and thus relaxed selection for larger body size whereas selection on mainland birds may have increased body size in response to competition over food.
With the exception of tail length, morphological traits did not vary significantly among plumage phenotypes (Table 3) . Nuptial-plumaged males had tails similar in length to those of females, and significantly shorter than those of brownplumaged males (Fig. 1) . Swaddle et al. (2000) examined sex difference in tail lengths among malurids within a molecular phylogeny and proposed that both island subspecies of White-winged Fairy-wrens exhibit reversed sexual dimorphism in tail length. This conclusion is not consistent with our findings, where Dirk Hartog Island males had similar tail lengths to females. The differences between our findings and those of Swaddle et al. (2000) could be due to our much larger sample size that allows us to account for age-related variation among males with respect to tail length (Fig. 1) . Since Swaddle et al. (2000) did not report the age or plumage status of the males in their sample, we cannot assess whether age was a confounding factor in their study.
Long tails and conspicuous plumage coloration are two male traits that have been shown to evolve under sexual selection in numerous species (see review in Andersson 1994) but rarely do both traits occur in the same species, at different stages in their life history. Studies on Superb Fairywrens (Malurus cyaneus) have shown that females base reproductive decisions on the timing of the male's nuptial plumage moult, but when females are unable to use moult to discriminate among males, they may use attributes associated with sexual display (Mulder and Magrath 1994; Dunn and Cockburn 1999; Green et al. 2000) . Since male Whitewinged Fairy-wrens have delayed plumage maturation and do not obtain nuptial plumage until their fourth year, females are unable to use plumage colours to evaluate young males and may instead use tail length to assess male quality.
Male White-winged Fairy-wrens display their tail prominently during courtship; they approach and face a female, fan out their tail and wave it rapidly from side to side while lowering their wings and raising their scapular feathers, usually while singing. It is possible, therefore, that when sexually mature males are in brown plumage, females assess male condition using tail characteristics such as length or coloration. The bright blue colour of males' tails and the presence of long tails only in the breeding season (Swaddle et al. 2000) further suggest that tails are a sexually selected trait. Male tail length may thus serve as an honest indicator of quality for females that allows them to discriminate among brown-plumaged males. Experimental manipulation, through reduction and lengthening of tail length combined with female preference tests, is clearly needed to determine the influence of male tail length on females' reproductive decisions.
There were no differences in cloacal protuberance size or sperm length between study sites or among plumage phenotypes (see also Tuttle et al. 1996; Pruett-Jones and Tarvin 2001) . We did, however, find that helpers had significantly smaller cloacal protuberances than paired males of either plumage phenotype, whereas Mulder and Cockburn (1993) found no relationship between mating status and cloacal protuberance volume in Superb Fairy-wrens. In White-winged Fairy-wrens, testis volume (Pruett-Jones and Tarvin 2001) and number of sperm (Tuttle et al. 1996) are positively correlated with cloacal protuberance size. Assuming this relationship holds true in our populations, we can infer that helpers have smaller testes and reduced ejaculate volume than socially paired males. This may be the reason why fairywren helpers gain little, if any, within-group paternity .
White-winged Fairy-wren island females had significantly lower realised reproductive success (as measured by the number of fledglings per brood) than their mainland counterparts during our study, but it is difficult to tease apart the influence of breeding phenology, predation and the presence of helpers on this difference in reproductive performance. In both years, nests were initiated within the same period but there was a dramatic drop off in nest initiation on the mainland site in November 2001 (Fig. 4) . This sharp cutoff in breeding was likely due to the effects of heavy precipitation in September. We found more nests initiated in October 2001 than in October 2000, further suggesting that many pairs took advantage of the heavy rains (and associated insect abundance) and initiated nests earlier in the year. Females that initiated nests in October would be caring for offspring through November and thus no new nests would be initiated during this time.
Island birds also had significantly higher rates of predation and brood parasitism as well as reduced clutch size, increased time caring for young and lower fledging success than did mainland birds. Although annual productivity is presumably lower for island pairs, island males have a significantly higher rate of survival, as predicted by life-history theory, that shows a trade-off between longevity and productivity in a stable population (Charnov and Krebs 1974) .
The most striking difference between the social structure of island and mainland populations was that island pairs had no or very few helpers-at-the-nest, essentially adopting a socially monogamous breeding strategy, whereas mainland pairs had a cooperative breeding system typical of most other fairy-wrens (Rowley and Russell 1997) . This difference in helper number may be due to variation between study sites in territory quality, habitat, climate or seasonal effects but further work will be needed to assess each of these variables quantitatively.
Differences in social structure may also be associated with the reduced reproductive success we observed for island birds as the lack of helpers may directly limit the realised reproductive success of a pair. In Superb Fairy-wrens, Dunn et al. (1995) found that the presence of helpers did not enhance a pair's reproductive success; pair males reduced their level of parental assistance and helpers functioned to mitigate this loss of paternal care (Green et al. 1995) . showed that the presence of helpers guarantees parental care at the nest and thus females are released from constraints on their reproductive decisions.
All helpers were males and most of them provided care at nests where females were socially paired to nuptialplumaged males. When helpers are direct descendants, nuptial-plumaged males may also gain via indirect genetic benefits. Females control extra-pair mating decisions through pre-dawn forays into neighbouring territories in search of extra-pair copulations and recent evidence shows both that Superb Fairywren helpers did gain paternity at nests of neighbouring females and that levels of paternity were positively related to attractiveness of the pair male at their nest (Double and Cockburn 2003) . So if an attractive nuptial-plumaged male allows his male offspring to remain as a helper, he is likely to increase his reproductive success by both direct and indirect genetic mechanisms.
Why, then, are there no helpers at most nests on the island? We suggest that the different social organisations in island and mainland populations may be a result of reduced sexual selection on the island. Island populations are believed to have reduced levels of sexual selection due to low levels of genetic variation (Frankham 1997) . Griffith (2000) tested this idea of reduced sexual selection on islands by comparing rates of extra-pair paternity for passerines in island and mainland populations. Controlling for phylogenetic effects, island populations had significantly lower levels of extra-pair paternity than did mainland populations, supporting the idea that the intensity of sexual selection in island populations is less than that of mainland birds (Griffith 2000) . If island populations of White-winged Fairy-wrens also have lower levels of extra-pair paternity compared with the mainland, there may be little to no advantage for offspring to stay and help their parents in the island population. The fitness costs to helping without the chance of gaining additional reproductive success through extra-pair fertilisations, may be outweighed by the benefits of dispersing and reproducing on their own.
The higher incidence of petal carrying among island males than mainland males (Fig. 4) seems contrary to this notion that sexual selection on the island is less intense. One possibility is that island males use colourful blue petals when advertising to females because their body plumage is black whereas mainland males are blue. Thus, if females do assess male quality using tail characteristics, carrying of blue petals by island males may enhance their blue tail colour and thus increase a male's attractiveness. Further work, focused specifically on petal-carrying behaviour, will be needed to determine whether these island-mainland differences are related to male plumage and mating success.
Fairy-wrens in general have one of the highest documented rates of extra-pair paternity, with 76% of Superb Fairy-wren offspring being a result of extra-pair fertilisations . If White-winged Fairy-wrens are similar to other malurids, a reduction in rates of extra-pair paternity on the island may not have a pronounced effect on a helper's fitness. To fully assess how different behavioural strategies between island and mainland birds transfer to female mate-choice decisions, detailed analyses of paternity and the contributions of helpers to parental care are needed.
